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ABSTRACT

An experimental investigation waonducted in the
Jet-Exit Test Facility at NASA LangleyResearch

Virginia

INTRODUCTION

Although usedfor only afraction of airplane operating
time, the impact of thrustreverser systems on

Center to study the stataerodynamic performance of a commercial aircraft nacelledesign, weight, engine

wing-mounted thrust reverser concept applicable to
subsonic transporaircraft. This innovative engine
poweredthrust reversersystem isdesigned toutilize
wing-mounted flow deflectors to produce aircraft
decelerationforces. Testing wasonductedusing a
7.9%-scale exhaust systemodel with a fan-to-core
bypass ratio of approximatel®.0, a supercritical
left-hand wing section attachedvia a pylon, and
wing-mounted flow deflectors attached tahe wing
section. Geometric variations of kegsignparameters
investigated for the wing-mountedhrust reverser
conceptincludedflow deflectorangleand chordlength,
deflectoredgefences,andthe yaw mount angle of the
deflector system (normal to the engingenterline or
parallel to the wing trailingedge). All tests were
conductedwvith no external flowand high pressure air

maintenance, airplane cruise performanaedg overall
operatingand maintenancecosts is significant. For
example, the weight of @ascade-typahrust reverser
system installed in a bypass ratio (BPR)efgine
nacelle is approximatelyl,500 pounds per engine.
During cruiseflight, lossesdue to flow leakage and
pressure drops across stoweslerser hardware have
been estimated toreduce engine specific fuel
consumption by 0.5 to 1.0%. Furthermore, the
amortizedcost of a thrustreversersystem on a 767
aircraft is approximately $125,00(er airplane per
year.

While their penalties may be significant, thrusterser
systems remain anecessarycommodity for most
commercial aircraft. This is becausethrust reverser

was used to simulate core and fan engine exhaust flowsystemsprovide additionaktopping force, addedsafety

Test resultsindicate that the wing-mounted thrust
reverser concept can achieveverall thrust reverser
effectivenesdevels competitive with(parallel mount),
or better than (normal mount) a conventiorascade
thrust reverser system. By removing the threserser
system from the nacelle, theing-mounted concept
offers the nacelle designemore optionsfor improving
nacelle  aerodynamics and  propulsion-airframe
integration, simplifying nacelle structural designs,
reducing nacelle weight, and improving engine
maintenance access.
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margins, and increaseddirectional control during
landing rolls,rejectedtakeoffs, orgroundoperations on
contaminated runways/taxiwaywhere wheel braking
effectiveness is diminished. fiact, airlines consider
thrust reverser systems essential to achieving the
maximum level of aircraft operating safety

The cascade-typéhrust reverser iscommonly used on
commercial aircraft equipped with high-bypass-ratio
(5<BPR<9) turbofan engines. With tleairrenttrend
progressing towards even largerturbofan engines
(BPR=12 to 15), inresponse tademandsfor increased
thrust levelsand higher propulsive efficiencydesigners
are realizing that cascade-typethrust reversers may
become exceedingly heavy and difficult to integiate
such large engine nacelles.

In response to a challenge from industry pmvide
a “technology injection” to thrustreverser design,
the NASA Langley Configuration Aerodynamics
Branch has completed a cooperativéest program
with industry to investigate innovative thrust
reverserconcepts thatoffer potential weight savings
and/or desigrsimplificationsover conventionatascade
reverser systems. Industry partners inthis effort
included Allison, BF Goodrich Aerospace, Boeing,

license to exercise all rights under the copyright claimed herein forGenera| Electric, Northrop-Grumman, Pratt & Whitney

government purposes. All other rights are reserved by the
copyright owner.

and Rolls-Royce. Candidate thrusverserconcepts for



the NASA Innovative ThrusReverserProgram were
proposed jointly with the industry partnerS§ix of the
most promisingconcepts (shown in figure 1)vere
downselectedor testing. Conceptually, these systems
attempt to simplify thrustreverser design, reduce
reverser system weight, and/or improve overall
propulsion system performance by eliminating some
the mechanismand nacelle designcompromises that Cy
cause engine performankmssesduring cruise operation
(when the reverserhardware isstowed). Thesdoss C,
mechanismsinclude leakage, blockescrubbingdrag, C,
linkage complexitiesand weight associatedwith the ¢
cascades, translating sleeve, blocker doors, etc.

BPR

Results from testing theascade reverserwith porous
blocker (fig. 1(a)), multi-door crocodile reverser ™
(fig. 1(b)), annular targeteverser(fig. 1(c)), and fabric
targetreverser(fig. 1(d)) are documented in reference 2.
Results from testing the blockerlesverser(fig. 1(e))
are documented in reference 3.The purpose of Fifan

this paper is to presentesults from tests of the FNPR
wing-mounted thrust reverser concept (fig. 1(f)). Freyv
JETF

One of the limitations ofan-cowl mountedcascade or |
multi-door) and core mounted (targetthrust reverser g
systems is that only thian flow is reversed. With a g
wing-mounted thrust reverssystem, both theore and PM
fan flows can be captured and reversed, arhrust
reverser effectiveness can lygeatly improved. By Po
removing the thrusteversersystem from thenacelle, Pr.core
the wing-mountectoncept offersthe nacelle designer ~ Ptfan
more optionsfor improving nacelle aerodynamics and S
propulsion-airframe integration, simplifying nacelle SF
structural designs, reducing nacelle weight, and WL
improving engine maintenance access. YM
Nee
Conceptually, a wing-mountethrust reversersystem
would use one or more flovdeflectors deployedrom o
the wing to capture and reverse the engine exhaust flow.
Kinematically, these flowdeflectors could operate in a
variety of differentways. Onepossibility would be to
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to acknowledgehat these issues do exemtd represent
challenges to the implementation of this concept.

NOMENCLATURE

bypass-ratio

wingspan, 199.71 in.

normal force coefficient

core nozzle pressure ratiqQ.g¥/p,

pitching moment coefficient

yawing moment coefficient

side force coefficient

local chord length, in.

mean aerodynamic chord, 24.33 in.
maximum nacelle diameter, 11.40 in.
balance measured forward thrust, Ibs
ideal core+fan nozzle isentropic thrust, Ibs
ideal core nozzle isentropic thrust, Ibs
ideal fan nozzle isentropic thrust, Ibs

fan nozzle pressure ratig,./p,

balance measured reverse thrust, Ibs
Jet-Exit Test Facility

deflector chord length (see fig. 5), in.
model station, in.

balance measured normal force, Ibs
balance measured pitching moment, in-lbs
test cell ambient pressure, psia

average core jet total pressure, psia
average fan jet total pressure, psia
full-span wing reference area, 4431.71 in
balance measured side force, Ibs
waterline, in.

balance measured yawing moment, in-lbs
wing trailing edge sweep, 16 deg
deflector angle (see fig. 5), deg

overall thrust reverser effectiveness

TEST FACILITY AND PROCEDURES

use the airplane high-lift system to form flaleflectors

by either splitting (as shown in fid.(f)) or overturning The Innovative ThrusReverseProgram wasonducted

one or more of the flap elements. Anotpesssibility

in the Jet-Exit Test Facility (JETF) at NASKRangley

would be to deploy the deflector(s) from the lower wingResearctiCenter using aeparate-flonexhaust system

surface. The modelused in this investigation is
representative of a generic wing-mountbclist reverser
system.

model designedor forward andreversethrust testing at
static conditions.
independently controlled high-pressuai systems that

The facility iquippedwith two

provide both fan and core nozzle flows usindual-flow

No attempt hadeenmade to addredbe practicality of
the wing-mountedhrust reverserconcept inregard to

propulsion simulation system.
included forward andreverse thrust

Tesheasurements
levels, fan/core

mechanicatomplexity such as actuation linkages andnozzle and reverseveight-flow ratesandlocal internal

kinematics, structural/thermal considerations,
integration with the airplane high-lift system ottikan

2

andan ductandwing/deflector surfacstatic pressures. A
description of the JETF can be found in reference 4.
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Cruise (forward thrust) and wing-mounted thrresterser
configurationswere tested at aominal fan/core nozzle
pressure ratio schedule representative oturrent
technology  high-bypass-ratio  turbofan
Procedurally, a core nozzle pressuatéio was set and
then thefan nozzle pressunatio wasvaried about the
nominal pressureratio schedule(+/-0.05) as shown in
the following table:

CNPR FNPR
1.10
1.20
1.30
1.30
1.40
1.50
1.50
1.60
1.70
1.70
1.80
1.90
1.90
2.00
2.10

1.10

1.20

1.30

1.40

1.50

Each configurationwas tested up to anaximum fan
weight-flow rate of approximately 23 Ib/sec.

MODELS DESCRIPTION

Separate-Flow Exhaust System Model

A 7.9%-scale, high-bypass-ratiegparate-flow exhaust
systemmodel designedior the NASA Langley Jet-Exit
Test Facility dual-flow propulsion simulation system
was builtfor the Innovative ThrusReverserProgram.
The model core and fan nozzle contours
(internal/external) were based on a preliminary B®R
separate-flow exhaust systemdesign provided by
General Electric.  The maximumnacelle diameter
(dy,s9 Of the model wasl1.42 in. A typical tessetup
of the high-bypass-raticseparate-flonexhaust system
model with the wing section installed in thfrward
thrust, cruise configuration is shown in figure 2.

Adaptersections at MS 21.7%vere used taattach the
separate-flowexhaust systenmodel to the facility
hardware angbrovide smooth transitions to theozzle

enginesarea-weighted probes.
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sectionswere matched tdhe startingdiameters of the
core and fan exhaust nozzles. The primasyct was

instrumented with a total pressure rake contairsegen

The secondary duct was
instrumentedvith threetotal pressurerakes, witheach

rake containing four area-weighted probes. The
primary and secondanducts were also instrumented

with a single jet total temperature probe.

The separate-flowexhaust systenmodel wasinstalled

on the downstream end of the instrumentation section at
MS 33.75. Thecore section consisted of theore
nozzle,core cowl, andcoreplug. Thecore cowl was
split to permit installation of thdéan ductblocker for
cascade reverser configurations and to facilitate
modifications to thecore cowl section for testing of
core-mounted, targehrust reverserconcepts. The fan
section was comprised of the fan nozzle which was also
split to facilitate installation ofcascadevane sections.

For structural integrity, the pylointerfaced directly
with the fan nozzle.

A fully metric, instrumented, 7.9%-scalsypercritical
left-hand wing section, attached via a pylon, was
fabricated for use with this model to facilitate testing of
the wing-mountedthrust reverser concept.  Wing
geometry was based on a Boeing advanced desigh,

at model scalehad afull-span wing reference area (S)
of 4431.71 iR, wing span (b) 0f199.71 in., mean
aerodynamic chordC) of 24.33 in., aspect ratio &.00,
taperratio of 0.30,and a dihedrahngle of 3. The
separate-flowexhaust systemmodel centerline was
located at aving semispan location (b/2) of 0.35 and
the wing sectiorextendedspanwise from b/2=0.18 to
b/2=0.52. The wing section was sizedetdendl.5d,.,

on either side of the nacelle centerline.

Wing-Mounted Thrust Reverser Model|

A typical setup of the wing-mountethrust reverser
model is presented ifigure 3. To facilitateesting of
this thrust reverserconcept, a portion of the wing
section,extending chordwisérom 0.69c to 1.00c and
spanwise from b/2=0.225 to b/2=0.475, was removed as
shown in figure 4. This established aeverserport in
the wing through which exhaust floeould be turned.
A smooth bullnoseradius (seefig. 3(a)), which
terminated at0.69c, helped to efficiently turn the
exhaust flow. Thealeflectorflap system wasnounted
to the wing section as shown in figures 3 and 4.

instrumentation sections. Choke plates installed at the

downstream end of the adapsarctionsprovidedfor low
flow distortion in the instrumentation sections.

inner/outer duct diameters ofthe instrumentation

3

As shown in figures 4and 5, the deflector system

Theconsisted of threeleflectors (eachhaving a width of

2.0d,.,), optional deflector edgefences (eacthaving a
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height of .03C) on each deflectogndvarious brackets.
For deflector 1 and deflector Zhortandlong deflector
chord lengths were tested. Brackets holding each
deflector allowed testing over a rangedaflectorangles
as illustrated in figure 6. The angle of each defleappr (
is defined relative to a plarmerpendicular tdhe nozzle
centerline (thrust axis) as shown in figure 5.
design ofthe deflectorsystemallowed ¢, and ¢, to be
independently variedyut changes ing, at constantp,
resulted in deflector 2and deflector 3acting as a
“bucket” that movedtogether as a unit teapture and
reverseexhaust flow. Additional brackets allowed two
variations(seefig. 4) in the yaw mount angle of the
deflector system: (1) normal to thenozzle centerline
(thrust axis) and (2) parallel to the wing trailing edge.

DATA REDUCTION

The
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With both the fanand core operating, the overall thrust
reverser effectiveness paramety,J is defined as the
ratio of balance measured reverfmust (k) to the
nozzle forward thrust (F) that wasmeasured at
corresponding fan and core nozzle pressure ratios:

r] rev = re\/ F (5)

Model force (G and G) and moment (G, and G)
coefficients were computed using balance measured
force and moments nondimensionalized bywing
reference area (S), wing span (@)d meanaerodynamic
chord (C) as follows:

Cy = NF/(p,S/2) ©)
C, = SF/(p,S12) )
Cn= PM/(p,CS/2) ®)
Ca = YM/(p, (0/2)(S/2)) ©

Values ofS/2 andb/2 were used sahat the test setup

Each data point is the average steady-state valueould moreaccurately reflect awin-engine test on a
computed from fifty frames of data taken at a rate of tefy||-span wing.

frames per secondCalibration constantsvere applied
to the data to obtain corrected forces, moments,
pressuresand temperatures. Adetaileddescription of
the procedures usedfor data reduction in this
investigation can be found in reference 5.

Core nozzle pressunatio (CNPR) isdefined as the
average corget total pressure (.0, measured in the
primary instrumentation sectiordivided by test cell
ambient pressure {p

CNPR = ReordPo @)

Fan nozzle pressuregatio (FNPR) isdefined as the
averagefan jet total pressure (f,,), measured in the
secondanynstrumentation sectiondivided by test cell
ambient pressure {p

FNPR = p,far/po (2)

Overall nozzlethrust efficiency (F/F) in forwardthrust
with both thefan and core operating isdefined as the
ratio of balance measurddrward thrust (F) divided by
the sum ofideal coreand fan nozzle isentropithrust
(Fi,core+ Fi,fan) :

F/FI = F/(Fi,core+Fi,fan) (3)

Ideal isentropic thrust values for the core.(p and fan
(Fifan) nozzles were computed using the measured
weight-flow rate, total pressure, and tagmperature of
the coreandfan flows, respectively. Weight-flowate

was measuredusing multiple-critical venturisystems,
one for the primarycore) air supply and one for the
secondary (fanyir supply, located in eachair line

upstream of thedual-flow propulsion simulation
system.

4

TEST RESULTS

All data presented ithis report were taken with both
the core and fan nozzles operating over aominal
fan/core nozzle pressuratio schedule representative of
currenttechnology, high-bypass-ratio turbofan engines.
Data were taken up to the maximumoperating
capability of either the JETHual-flow system(reached
at FNPR:=2.1 in forward thrust) or theforce balance
(reached at FNPRL.6 inreversethrust). The sawtooth
characteristic othe data is due tdghe variation incore
nozzle pressureatio at a constant fanozzle pressure
ratio (test procedures).

Forward Thrust

Overall nozzlethrust efficiency (F/F) in forwardthrust

is presented infigure 7. The overall nozzl¢hrust
efficiency istypical of aseparatdlow exhaustsystem,
varying with FNPR from a low of about 0.95 to a high
of about 0.98.

Reverse Thrust

Overall thrust reverser effectivenessn,f) for the
wing-mounted reverser model with parallel deflector
mount angle, longleflector chordength, and deflector
edgefencesinstalled is presented infigure 8 for all
deflectorangles tested. Data for these configurations
show that the higheseverser effectivenedsvels €e.)
occurred for configurations witi,=3C°, while theangle

of deflector 2 ¢,) hadthe most substantiaffect on
reverser effectivenesg,{,); the highestn,., occurred for
configurations withp, angles of 0 or less. Theverall

American Institute of Aeronautics and Astronautics



thrust reverser effectivenestevel for configurations
with @<0° ranges fromabout 0.30 to 0.44 at
FNPR=1.1 and generally decreaseswith increasing
FNPR. This performance is competitive with
cascade-type thrust reverser systems which hewerser
effectiveness levels on the order of 0.35 to ©.40

There werethree deflector angle combinationsthat,
depending onFNPR, producedthe highest reverser
effectivenesslevels. At FNPRvalues from 1.1 to
about 1.25, the configuration with=60, ¢,=-15°, and
@,=30C had the highest reverser effectiveness.FAPR
values from 1.25 to about5, theconfiguration with
@=60C, ©,=0°, and @=30° had the highestreverser
effectiveness. At the remainifgNPR values from 1.5
to about 1.6, the configuration with=45°, ¢,=0°, and
@,=30C had the highest reverser effectiveneshkerefore,
with a parallel deflector mount angle, longdeflector
chordlength, and deflectoredgefencesinstalled, these
three geometries can beonsidered the optimum
deflector “bucket’shapes for producinthe maximum
level of reversethrust in theirrespectiveFNPR range.
In order to understanthe effect of deflectorangle and

AlAA-98-3256

At higher values of FNPR, differencesrip, tend to be
about 3% or less and there is no consisteamd inn,,,
with changingp,. Theeffect of @, on longitudinal and
lateral force and moment coefficients is generatiyall;
the only significantchangeswith @, occur in pitching
momentcoefficient (G,). The smalldifferences in
between configurations most likely result fratanges
in the reverserefflux pattern and differences in the
pressure distributions across ttheflectorsandthe wing
surfaces.

Effects of deflector 2 angle ¢,). The effects of
¢, on wing-mountedeverser performanosith parallel
deflectormount angle, longleflector chordiength, and
deflector edge fenceastalledare presented ifigure 10
for configurations with@,=45°. The highest values of
N typically occur for configurations with@,=0° and
the differences betweeasther values ofp, increasewith
increasingFNPR. Fordeflection angleswhere @, is
negative, a liftforce is produced ondeflector 2which
increases ¢ and G,. This is attributed to pressure
differencesacting on the horizontal component of the
deflector. The effects af, on lateralforce andmoment

other geometry variations, these configurations will becoefficients are generally small.

used (wheneverpossible) for
presented in this paper.

relative comparisons

Although not shown in figure 8arge laterafforce (G)
and moment (G) coefficientswere generated by the
wing-mountedreverser configurations at theparallel
deflector mount angle.This is a result of theleflector
system being positioned at a yaw angle wihpect to
the exhaust flonfwherethe exhaust flow is not only
reversedput is also thrustectored inthe yaw plane).
Note that lateral forceandmomentswould cancel on a
twin engine aircraft configuration with bothengines

operating at the same reverse thrust condition. A singleffects of deflector 3 angle @,).

engine failure inreversethrust would result in large
unopposed ¢ and G values thatwould have to be
compensated for by the vertical tail.

Effects of deflector 1 angle ¢,;). The effects of
@, on wing-mountedeverser performanosith parallel
deflectormount angle, longleflector chordength, and
deflectoredgefencesinstalledare presented ifigure 9
for configurations withp,=30°. The effect ofp, on n,,
is most substantial at FNPRalues of about 1.4 or
less, with the highesteverser effectiveness occurring
for ¢,=60°. This is not surprising, since thecreased
flow turning angleprovided by larger values of @,
would be expected to provide higher valueg|Qf. The
smaller area for thru-wing flow turning that resuitsm
larger values of¢,, illustrated in figure 6,does not
appear to degrade the overall reverser effectiveness.

5

Note that more positive values ofyCand G, are
indicative of the tendency ofthe wing-mountedhrust
reversersystem togeneratdift forces. Generallythis
is undesirable for ahrust reverserconcept since it
would act toreducethe amount ofairplaneweight on
the wheels, thereby reducing wheel braking
effectiveness. Conversely, negative values gfw@uld
be desirablesince thiswould tend to increasavheel
braking effectiveness byputting more of theaircraft
weight on the wheels.

The effects of
¢, on wing-mountedeverser performanosith parallel

deflectormount angle, longleflector chordiength, and
deflector edge fenceastalledare presented ifigure 11
for configurations withg=60°. The effects of ¢, for

configurations withg,=-15° (fig. 11(a)) aresubstantial
with significantly increased,., andreduced G and G,

occurring forthe larger values of @,. Increasingq,

results in alarger horizontal surface component on
which exhaust pressures may arsulting in more

negative lift forces and pitching moments.

The effects of @, for configurations with@=60° and
@=0° (fig. 11(b)) are smaller than that shown for
configurations in figure 11(a)ith increasedn,., and
reduced G occurring atthe smaller value of§,. The
effects ofg, on the otheforce andmomentcoefficients
are similar to those discussed above.
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Effects of deflector edgefences. Theeffects of parallel deflector mount provides reverseperformance
deflector edge fences (installed vs. removed) on competitive with a conventionabscadehrust reverser
wing-mounted reverser performancewith parallel systemindicatesthat normaldeflectormount position
deflector mount angle and long deflector chord length amnay not be required for this to be a viable concept.
presented irfigure 12 for configurationsvith @=60°

and@,=30°. Removing thedeflectoredgefencesresults CONCLUDING REMARKS

in a substantial drop in overall reversdfectiveness but
producesonly small changes inforce and moment
coefficients. Thedrastic reduction im,., that occurs
when thefences are removed is r@sult of increased
exhaust flow spreading/spillage in the latedakction.
This results in aeducedamount of exhaust flow that
can be turned bythe deflector into the upstream
direction to produce reversehrust.  Although the
deflector edge fences were relatively small
(approximately 12% of thdeflector chordength), their
substantial flow turning benefit significantiynproved
overall reverser effectiveness.

Test resultshaveshown that thewing-mountedthrust
reverserconcept achieveshrust reverser effectiveness
levels competitive with(parallelmount) or betterthan
(normal mount) a conventionahscadethrust reverser.
By removing the thrustreverser system from the
nacelle, the wing-mountedoncept offersthe nacelle
designer more options for improving nacelle
aerodynamics and propulsion-airframe integration,
simplifying nacelle structuratlesigns,reducing nacelle
weight, and improving engine maintenance access.

It should be reiterated that no attempt bagnmade to
addressthe practicality of the wing-mountedhrust
reverserconcept inregards tomechanical complexity
such as actuation linkagesand kinematics,
structural/thermal considerationand integration with

the airplane high-lift system other than daoknowledge

that these issues do exist and represent challenges to the
successful implementation tiiis concept. Adetailed
systems study should wenducted tdfully address the
merits of this concept.

Effects of deflector chord length. The effects of
deflector chord length (long vs. short) aing-mounted
reverser performance with paraltigflectormount angle
and deflectoredgefencesinstalled ispresented in figure
13 for configurations withp=60° and ¢,=30°. The
short chord length has substantially loweoverall
reverser effectivenegban the longchord length.  The
effects of chord length on forad momentcoefficients
aregenerallysmall. Thereduction inn,., that occurs
when deflector chord length is reduced is nidgtly the
result of exhaust flow passing below the budkened ACKNOWLEDGMENTS

by deflectors 2 and #hat cannot beaptured and turned The authors would like tacknowledgehe members of
to produce reverse thrust. the joint NASA/industry working groupfor their

invaluable contributions to tha&levelopment of the

Effects of deflector mount angle. The effects of Wing-mountedthrustreverserconcept. We would also
deflector mount angle (parallel vs. normal) on like to express our appreciation to the members of the
wing-mountedreverser performanagith long deflector NASA Langley 16-Foot Transonic Tunn€lperations
chord length and deflector edge fences installed is Group and Research FacilitiBsanchwho providedtest
presented irfigure 14 for configurationsvith @,=30°.  support in the Jet-Exit Test Facility.

There aresubstantialincreases im,., andreductions in

lateral force () and moment ({ coefficients when the REFERENCES
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Cascade vanes

(a) Cascade Reverser with Porous Blocker

« Fan-cowl mounted stow/deploy and blocker mechanisms
« Porous fan-duct blockers offer reduced blocker weight

« Fan flow reversed

Translating sleeve

Porous fan-duct blockers

(b) Multi-Door Crocodile Reverser

* Fan-cowl mounted stow/deploy mechanisms

* 8 reverser ports around fan cow! circumference

« 8 inner and outer door sets block and reverse flow
 Fan flow reversed

(c) Annular Target Reverser

« Core mounted stow/deploy and target mechanisms

« Multiple (i.e., 8, 16, more) and/or staged target segments
« Target covers full circumference of fan exit

« Fan flow reversed

Core mounted targets
(single or staged)

(d) Fabric Target Reverser

« Core mounted stow/deploy and target mechanisms
« Light-weight fabric target with reel-out/take-up spools
« Target covers full circumference of fan exit

Fabric target
« Fan flow reversed

Support ribs

Take-up spool

Cascade vanes

(e) Blockerless Reverser

« Fan-cowl mounted stow/deploy mechanisms

« Translating sleeve slides aft exposing cascade vanes
« Diverter jets create blockage to fan flow

« Fan flow reversed

Diverter jets (core bleed air)

Upper surface
flap aids flow
turning

(f) Wing-Mounted Reverser

« Wing-mounted stow/deploy mechanisms
« Deflectors deploy into engine exhaust flow
 Fan and core flow reversed

Flow deflectors

Figure 1. Sketch showing six thrust reverser concepts tested during the Innovative Thrust Reverser Program.
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Lift
Primary air supply
Balance 1630B
Secondary air supply Exhaust shield (nonmetric) +PM +
Instrumentation sections
Removable wing section
E\\\\‘ 1 T
Pylon
77N Z Core plug
7 | |
AN\ ] Core nozzle
Core cowl
Adapters
Fan nozzle
MS
MS MS MS 41.393 MS MS
0.000 21.750 33.750 46.584 73.616

(a) Sketch showing model installation on the dual-flow propulsion simulation system.

(b) Photograph of model installation in the Jet-Exit Test Facility.

Figure 2. Typical setup of separate-flow exhaust system model with the wing section installed
in the forward thrust, cruise configuration.
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0.69c 0.94c
~ O\‘
: = 2\
oY
Bullnose
Fan Exit Core Exit
MS MS MS
41.393 46.584

70.939

(a) Partial cutaway sketch showing details of model installation.

(b) Photograph of model installation in the Jet-Exit Test Facility.

Figure 3. Typical setup of wing-mounted thrust reverser model .
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Normal to Thrust Axis Parallel to Wing Trailing Edge

)

=

Aie=16°

l«——— 2.0dmax ———>

| b/2=0.475 b/2=0.225
b/2=0.520 b/2=0.180

Figure 4. Sketch showing top view of wing section with deflector system installed in the
normal and parallel positions.

Optional deflector edge fences

/ Deflector 1 Deflector 1
\ @ is the angle between deflector 1 01 <
and vertical and is defined positive

counterclockwise

Deflector 2

Deflector 2 ¢, is the angle between deflector 2
and vertical and is defined positive

clockwise <
Deflector Length, in. -
Deflector 3
Short | Long .

| 464 | 759 @3 is the angle between deflector 3

1 : i and vertical and is defined positive 3

I, | 439] 732| I3 / Deflector 3 iockwise >

I3 - 7.59

>l |« 0.750

Figure 5. Sketch showing details of deflector system.
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Figure 6. Sketch showing range of deflector angles tested.
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Figure 7. Overall nozzle thrust efficiency performance in forward thrust.
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Figure 8. Summary of overall reverser effectiveness for wing-mounted reverser configurations with
parallel deflector mount angle, long deflector chord length, and deflector edge fences installed.
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Figure 9. Effects of deflector 1 anglegf) for wing-mounted reverser configurations with parallel
deflector mount angle, long deflector chord length, and deflector edge fences installggl= 30C°.
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Figure 10. Effects of deflector 2 angleg) for wing-mounted reverser configurations with parallel
deflector mount angle, long deflector chord length, and deflector edge fences instalteg; 45°.
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Figure 11. Effects of deflector 3 anglegg) for wing-mounted reverser configurations with parallel
deflector mount angle, long deflector chord length, and deflector edge fences instalteg; 60°.
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Figure 12. Effects of deflector fences for wing-mounted reverser configurations with parallel deflector
mount angle and long deflector chord lengthgpi= 60° and @3= 30°.
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Figure 13. Effects of deflector chord length for wing-mounted reverser configurations with parallel
deflector mount angle and deflector edge fences installedy= 60° and @3= 30°.
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(b) ¢= 60 and @y= 0°.

Figure 14. Effects of deflector mount angle for wing-mounted reverser configurations with long deflector
chord length and deflector edge fences installegiyg= 30°.
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